In the paralysed and sedated patient, acute abdominal diseases are difficult to diagnose. Clinical signs such as tenderness, rebound, guarding and rigidity are often misleading or absent and in the fully monitored, critically ill patient, the abdominal X-ray, ultrasound and CT scan may be associated with a high incidence of artifact abnormality. The acute abdominal disorders commonly found in the critically ill patient are listed, the diagnostic approach using standard clinical and investigational methods is considered, and the problems commonly encountered by the clinician are highlighted.
heralded by an unexplained and persistent tachycardia, hypotension, pyrexia, and an unexpected progressive renal, hepatic, cardiac, and respiratory failure.
The common causes of an acute abdominal problem in the paralysed patient are listed in Table 1 . The topics of acute stress ulceration, pancreatitis, and abdominal trauma have been dealt with elsewhere in this symposium, and therefore the remaining diseases will be considered.
ASSESSMENT OF THE GASTROINTESTlNAL
TRACT IN THE CRITlCALL y ILL Following abdominal trauma or spontaneous vascular rupture, if a patient is shocked and hypotensive, the performance of a laparotomy to confirm the diagnosis should not be delayed. There are occasions when a laparotomy must be considered as part of the patient's resuscitation to stop blood loss and ensure the patient's survival.
Symptoms and signs
While many signs of an acute abdominal disorder may be masked, and the absence of pain is more likely to occur in the critically ill patient, the clinical method should always be employed first in the attempt to assess the abdomen. Patients who are ventilatordependent may not be paralysed or too sedated to be asked about the presence and position of pain and tenderness.
Inspection of an acute abdomen may reveal obvious areas of distension, more so in the paralysed than the non paralysed patient. Discolouration of the flanks and periumbilical area, seen in retroperitoneal haemorrhage and pancreatitis, occurs late and often long after the diagnosis is made. A previous abdominal scar, dilated loops of bowel and fluid levels, should alert one to the possibility of a mechanical bowel obstruction rather than paralytic ileus.
Ventilated patients may be examined for evidence of guarding, rigidity and rebound, guiding the examiner to at least the area of the abdomen most likely containing the disease process. Auscultation is often performed first since palpation performed firmly and thoroughly may reduce normal bowel movement for some time and thus artificially reduce bowel sounds.
Palpation is performed to detect areas of tenderness, abdominal masses, and the presence or absence of inguinal or incisional Patients with recent abdominal  operations or abdominal trauma often have  superficial bruising and wound pain which  should be distinguished from deeper abdominal  tenderness. Percussion is performed to detect the consistency of abdominal masses, whether solid, fluid or gas. A tympanitic sound over the liver suggesting free gas from a ruptured bowel may, however, be produced by distended loops of intestine interposed between the liver and anterior abdominal wall.
Rectal examination in the critically ill patient is usually performed to diagnose faecal impaction or a pelvic abscess.
In female patients vaginal examination should also be part of the abdominal assessment to detect acute salpingitis, pyometrium, toxic shock syndrome, ruptured ectopic pregnancy or septic abortion.
Vital signs
Hypotension and shock are commonly seen in the paralysed patient with an acute abdominal disorder" although pyrexia and tachycardia may be absent. Sepsis in the immunosuppressed, alcoholic, cirrhotic, or elderly patient may also present with hypothermia and usually indicates a poor prognosis. 2 ,3 Tachycardia may be modified in patients taking beta-blockers, in the patient with a high spinal injury, or in the elderly or diabetic with autonomic neuropathy.
INVESTIGATIONS

White cell count
The presence of leucocytosis with shift to the left and toxic granulation may be observed, particularly if the patient is able to mount a febrile response. Nevertheless a febrile response and leucocytosis is commonly seen in stress and shock from any cause without indicating sepsis. Furthermore in the acutely ill, a normal white cell count or even neutropenia may occur with overwhelming sepsis and is also a poor prognostic sign. 4 ,5
Abdominal X-ray
In the diagnosis of abdominal pathology the importance of the abdominal X-ray is often overlooked. In one study of 277 patients with one of five common acute abdominal conditions, using the erect and supine abdominal X-ray and postero-anterior chest Anaesthesia and Intensive Care, Vol. 13, No. 3, August, J985 X-ray, it was concluded that the abdominal X-ray was helpful in establishing the diagnosis in 47 per cent of patients. 6 Air in the peritoneal cavity may take up to ten minutes before it accumulates under the diaphragm after standing the patient upright. 7 For the acutely ill patient where it is often hazardous for the erect position to be maintained for a prolonged period the X-ray views needed to assess the acute abdomen are plain supine and left lateral decubitus views, the latter are performed after lying the patient on the left side for at least ten minutes. The abdominal X-ray is considered in four parts; soft tissue shadows, gas shadows, bony shadows and abnormal shadows. 8 
Soft tissue shadows
The liver edge, splenic tip, and psoas margins should be able to be delineated, although in the postoperative patient, free fluid and gas within the peritoneal cavity may obscure their outline without indicating an abnormal abdominal process. The renal shadow is on either side of the first and second lumbar vertebra, the long axis being 12 to 13.5 cm in length. The right is slightly lower than the left, and the upper pole is in front of the 12th rib on both sides.
Gas shadows
(a) Within the alimentary system fluid levels are commonly seen in the upright or decubitus view in the stomach and duodenum; however, if more than two fluid levels of greater than 2.5 cm in length are seen in the small intestine in the upright patient, then an abnormality exists in this part of the gastrointestinal tract (i.e. paralytic ileus, small intestine obstruction).9 Classically, in the presence of large bowel obstruction, incomplete bands (colonic haustra) cross the colonic gas shadow in the gas filled loops of the ascending and transverse colon. These bands may be absent in the loops of colon distal to the splenic flexure. ID Characteristically the gas-filled loops found in small bowel obstruction show the valvulae connivantes as complete bands; the loops are centrally placed and have a tight folding pattern. Distended loops of bowel will usually be found three to five hours after the onset of an obstruction.
Local peritonitis may result in an isolated dilatation and fluid level in a loop of bowel associated with the inflammatory process; the Anaesthesia and Intensive Care, Vol. 13, No. 3, August. /985 latter, when found in association with pancreatitis, is often referred to as the sentinel loop sign. 11 (b) Within the peritoneal cavity. Following an abdominal operation gas may persist in the peritoneal cavity for 7 to 24 days.7 Usually however it is absent after ten days but depends upon the amount of air introduced into the peritoneal cavity at the time of the operation. 10 Barotrauma from IPPV may force air to enter the peritoneal cavity or the retroperitoneal space. 12 In the latter, renal and psoas margins are often clearly seen and should be distinguished from shadows produced by gas forming infections.
(c) In other sites. Biliary, renal, urinary bladder and pancreatic abscesses may be infected with gas-forming organisms, thus speckled shadows, similar to the shadows seen with gas trapped in faeces, may be seen. One should look to see if the gas is outside and separate from the bowel contents. Gas-forming organisms may also infect subcutaneous and muscle tissue planes, thus gas gangrene, necrotizing faciitis, and non-clostridial gas forming infections in diabetic and immunosuppressed patients may be diagnosed from the abdominal X-ray.
Bone outline
Fractures of the left 11 th and 12th rib or of the left transverse process of L I and L2 should alert one to the possibility of splenic or left renal damage.
Abnormal shadows
These usually consist of calcification or foreign body shadows and should be distinguished from the normal abdominal shadows.
Chest X-ray
This is performed to detect air under the diaphragm (if the patient is able to sit up), a unilateral high diaphragm (which may also be seen in patients on IPPV), mediastinal air, effusions, consolidation, collapse, and pneumonia, all of which may be associated with, or produce signs of an acute abdominal disorder.
Contrast studies
In the critically ill patient the plain abdominal X-ray may show only indistinct organ outlines due to postoperative peritoneal blood and fluid, or generalised large bowel gas due to an ileus. Contrast studies using Gastrografin instilled into the -stomach through a nasogastric tube may be performed at the bedside and are of value in determining gastric, duodenal, or small bowel sites of perforation or fistula. If wound drainage has suddenly increased in a patient in whom a high gastrointestinal fistula is suspected, then Evans blue can also be added to visually assess the integrity of the bowel.
Ultrasound
This has the advantage of being rapid and also able to be performed at the bedside. It is best used in patients with abnormalities in the right upper quadrant, left upper quadrant and pelvis, and is highly successful in localising fluid collections, in right subphrenic and subhepatic spaces, left subphrenic space and pelvis, with some studies showing 90070 detection rate in these areas. 13, 14 It is also used to detect abnormalities in the liver and biliary system.
The effectiveness of ultrasound however is reduced in obese patients and in patients with gaseous bowel distention and open wounds. 15 Thus in the acutely ill patient with ileus, subcutaneous emphysema, pneumoperitoneum, and postoperative peritoneal air, this investigation unfortunately has severe limi tations.
Computerised tomography
Computerised tomography is the investigation of choice when determining the presence or absence of any abdominal pathology by a non-invasive technique. In the critically ill patient the whole abdomen should be scanned and intravenous contrast should be used. 16 Some studies report a 90-95070 accuracy rate for this technique in the diagnosis of intraabdominal abscesses and abdominal pathology in blunt abdominal trauma. 17 ,18 Using intravascular contrast, areas of contrastenhancing visceral parenchyma may be differentiated from non-enhancing haemorrhage or fluid and pus collections. The investigation is particularly valuable in patients with head injury, spinal injury, or in patients requiring IPPV following chest trauma, when not only the physical examination is unreliable but the patient's haemodynamic state is unstable making the question of intraabdominal haemorrhage a constant consideration. Splenic, hepatic, pancreatic, and renal lacerations and subcapsular haematomas, along with the demonstration of free peritoneal blood, make the CT scan ideal for the patient with acute abdominal trauma. Moreover, unlike peritoneal lavage, it allows the surgeon to establish a specific diagnosis of the organ damaged, before performing a laparotomy.
In the acutely ill patient, however, computerised tomography has limitations. The patient often has to be transported away from the intensive care unit for the investigation, metallic objects (thermister tip of the Swan-Ganz catheter, ECG leads, nasogastric tubes, etc), respiratory movements, lower rib margins, and the air fluid level of the stomach may all produce 'streaking' artifact, obscuring or simulating abdominal lesions. 16 
Laparoscopy
This has no place in the investigation of the acute abdomen. 19 If direct observation of the abdominal cavity is required then a laparotomy should be performed.
Peritoneal lavage
This technique is performed to determine the presence and nature of fluid within the peritoneal cavity and has largely replaced the practice of four quadrant tapping using a 16-gauge needle. 20 -22 Computerised tomography and ultrasound are usually performed first so that the interpretations of these investigations are not obscured by fluid or air introduced by the lavage.
Peritoneal lavage is performed by introducing a peritoneal dialysis catheter 2 cm below the umbilicus, ensuring first that the bladder is empty and that the patient, if a woman is not pregnant. The catheter is manoeuvred into the rectal pouch and a litre of 0.9% saline is infused over 5-10 minutes. At the completion of the infusion the abdomen is gently ballotted and the peritoneal fluid is drained by inverting the infusion bottle and placing it with its giving-set still attached, on the floor alongside the patient's bed. Criteria used to decide whether an exploratory laparotomy should be performed include: a red cell count of greater than 100,000 per cm 2 (haematocrit> 1 %), a white cell count greater than 500 per cm 2 , or the presence of bile, amylase, or bacteria in the lavage fluid. 22 The disadvantage of lavage is that it is nonspecific. If a positive result is obtained the clinician has little knowledge of the organ ruptured. It is also of little value in postoperative abdominal surgical patients, as it is technically difficult to perform, and blood and white cell counts are affected by the trauma of surgery. If the clinician wishes to determine whether an ascitic effusion is infected or not, an abdominal tap using a 21-gauge needle with the patient on one side and the needle introduced through the linea alba, as described for peritoneal lavage, may be performed.
Diagnostic laparotomy
This should be considered as an emergency in all patients who are rapidly deteriorating due to intra-abdominal blood loss. It may also be justified in the previously stable, critically ill patient who begins to deteriorate with progressive renal, hepatic, cardiac and respiratory failure, either as a single or multiple organ failure, unexplained by extra-abdominal abnormalities, particularly if the plain abdominal X-ray, CT scan and ultrasound have not excluded abdominal pathology. 23, 24 This situation tends to occur in postoperative abdominal surgery patients (particularly when sent from another hospital) and trauma patients. Infarcted and perforated bowel with localised peritoneal soiling or gallbladder necrosis may be present requiring surgical excision or drainage.
An untreated septic focus has a high mortality, whereas mortality is not altered by a negative laparotomy. 25 This fact is important and often forgotten in the management of critically ill patients. Occasionally a patient with an acute abdominal disorder improves after respiratory and cardiovascular resuscitation to such an extent that the decision not to operate is made, and continued conservative therapy is deemed to be justified. If the patient then deteriorates it is said that the patient is now too sick for surgery and that full conservative support should be undertaken until the patient is fit for surgery. The problem here is that the patient will now be unable to reach the physological status previously obtained. If there is a surgically treatable lesion then surgery should be performed immediately following the initial resuscitation.
The error of deciding to continue with conservative therapy may also occur Anaesthesia and Intensive Care, Vol. 13, No. 3, Augus~, 1985 postoperatively in the patient who has had a resection of infarcted gut with some of the viscera remaining being of questionable viability. If the patient is clinically stable, the decision to return to the abdominal cavity may be postponed. Unfortunately if the patient has infarcted gut remaining, then, when finally the signs of sepsis intervene, the patient is less able to withstand the second operation. If segments of the bowel are likely to be infarcted, the abdomen should be opened to review the bowel 24 hours after the first operation, even if there is no clinical sign suggesting infarcted gut.
ABDOMINAL DISEASES COMMONLY FOUND IN THE CRITICALLY ILL (Table 1) Postoperative disorders
A leaking duodenal stump, or breakdown of gastric, small or large bowel anastomosis may occur 5-7 days postoperatively, producing sudden abdominal pain, tachycardia, pyrexia and hypotension. If a leak occurs which subsequently seals or peritoneal fluid from the operation becomes infected from another source then abscess formation may occur in subphrenic, subhepatic, pelvic and interioop spaces. The abdominal abscess may present in the intensive care patient by slow deterioration in renal hepatic respiratory and cardiac function after the patient had been previously stable.
Splanchnic hypoperfusion
Non-occlusive mesenteric arterial insufficiency producing diffuse areas of ischaemia or infarcted bowel may follow any condition which is associated with hypotension, particularly in the presence of pre-existing diffuse arterial narrowing of mesenteric vessels. 26 Characteristically the ischaemia occurs at the splenic flexure where the inferior and superior mesenteric arteries anastomose; in practice however, any part of the bowel may be involved. The mesenteric vascular supply may also be obstructed or damaged following aortic aneurism resections, aortic dissection and diseases with embolic manifestations (bacterial endocarditis, acute myocardial infarction, cardiomyopathy and atrial fibrillation).
Acute acalculous cholecystitis is a disorder which may spontaneously occur in the critically ill patient. It has a multifactorial aetiology with cystic artery insufficiency secondary to shock, increased viscosity of bile secondary to increased bile load, and biliary stasis secondary to drugs, absence of enteral diet, IPPV, and total parenteral nutrition (TPN), all being proposed. 27 -30 The diagnosis of this disorder is difficult, and while a tender mass in the right upper quadrant is virtually diagnostic, some patients will have no evidence of abdominal disease and simply present in shock. Ultrasound and CT scanning may demonstrate abnormality of the gallbladder, although a normal scan does not exclude the diagnosis. Thus in the critically ill patient who is showing signs of sepsis unexplained by extra-abdominal abnormality, this disease should be considered.
Adynamic ileus
Ileus may be .defined as a derangement impairing proper distal propulsion of intestinal contents which is not amenable to surgical correction. 31 Clinically it presents as postoperative paralytic ileus, intestinal pseudoobstruction, toxic megacolon, or acute gastric dilatation.
Postoperative Paralytic Ileus: Traditionally it has been believed that all abdominal operations are followed by a period of 48 hours in which intestinal movements cease due to exposure and handling of the intestine during the operation. It is now understood that the small intestine is largely unaffected by laparotomy and may accommodate jejunal feeding almost immediately following the operation. 32 Emptying of the stomach is usually impaired for 24 hours following a laparotomy. 23 The colon remains inert for 48 hours and it takes another 24 hours before it behaves normall:y. 34 Motility in the caecum returns within 48 hours whereas it does not return to the sigmoid colon until 72 hours postoperatively.J5 Postoperative ileus then is a colonic phenomenon and the plain abdominal X-ray should show only colonic gas shadows, although in the presence of an incompetent ileocaecal valve, small bowel gas shadows may also be seen. Clinically when the stomach motility returns, fluid and gas are moved to the small bowel and bowel sounds are heard. When '60lon motility returns, flatus is passed. 36 Intestinal Pseudo-obstruction: Acute pseudo-obstruction of the colon is a disease of unknown aetiology. It commonly arises spontaneously in the patient witb renal, 37 In these particular patients therapy often includes the use of beta adrenergic agents, opiates, anticholinergics, and sedatives, and electrolyte abnormalities of hypokalaemia, hypercalcaemia, or hypophosphataemia are often present. The reduction in colonic motility may therefore be exacerbated by these factors. The obstruction is usually transient reversing with treatment of the associated abnormality. In some cases however colonic decompression 35 or operative decompression may be required. 39 Chronic intestinal pseudo-obstruction may occur in association with certain medical disorders ( Table 2 ), in rare cases there is no such association and the disorder is idiopathic. The latter tends to be progressive, irreversible and involves both the gut and the bladder. 40 Toxic Megacolon: May occur with Crohn's disease, ulcerative colitis and pseudomembranous colitis. (Table 3) . 42 The common pre-and postoperative problems associated with abdominal trauma have been discussed elsewhere in this symposium.
Primary peritonitis
In patients with nephrotic syndrome, cirrhosis, and those who are immunosuppressed, peritonitis may develop spontaneously.
Pneumococcal and streptococcal infections predominate as the cause in nephrotic and cirrhotic patients while in immunosuppressed patients, candida and other opportunistic infections may occur.
Peptic ulceration
An acute duodenal or gastric ulcer may develop in the paralysed patient and may rarely perforate. 43 The gastric ulcer tends to perforate into the peritoneal cavity and may present with hiccoughs due to diaphragmatic stimulation, and unexplained hypotension requiring a large amount of fluid due to the hidden peritoneal loss of fluid. The duodenal ulcer may perforate into the retroperitoneal space or directly onto the pancreas. It should be possible to diagnose both by X-ray contrast studies.
Thoracic disease
Characteristically, if abdominal pain is associated with pneumonia, acute myocardial infarction and pulmonary embolism, then it is epigastric or right upper quadrant in distribution, due to diaphragmatic pleural irritation. Perforation of the oesophagus and strangulation of a hiatus hernia may also present as an acute abdominal disorder in the critically ill patient; generally, however, it is rare for a thoracic disorder to be mistaken for an acute abdominal problem. Nevertheless in patients with perforating injuries of the abdomen more than 25070 have simultaneous involvement of both abdominal and thoracic cavities. 44 Furthermore in patients with subphrenic or abdominal abscesses, pleural effusions may become secondarily infected, and a diagnostic tap of an effusion is always warranted in a patient with a septic abdominal condition who deteriorates unexpectedly.
Medical disorders
The medical disorders listed (Table 4 ) are those which are commonly reported to produce signs and symptoms of an acute abdominal disorder. In the critically ill patient, however, Addison's disease, diseases causing visceral congestion and diabetic acidosis are the three commonest medical disorders which may present with acute abdominal symptoms and signs.
Addison's disease may present as a progressive cardiovascular failure unresponsive to intravenous fluids and sympathomimetic agents. It may occur post operatively with pyrexia and tachycardia, unresponsive to antibiotics, suggesting that the patient is in septic shock. Biochemical testing reveals hyponatraema, hyperkalaemia, hypoglycaemia and hypercalcaemia, the latter two results being unusual in septic patients, and the blood film often reveals a normal white cell count with eosinophilia, also tending to indicate a non septic process. If steroids are to be used in this situation then a short synacthen test should be performed first so that at a later date the diagnosis is confirmed.
Diabetic keto-or lactic acidosis may present with abdominal pain, due to autonomic dysfunction or stretching of the hepatic capsule from rapid fatty infiltration. Nevertheless, an acute abdominal disorder such as appendicitis, pancreatitis or cholecystitis may be present and indeed be the cause of the disturbance in diabetic control. Abdominal pain in diabetic patients requires careful assessment.
Hepatic congestion following acute congestive cardiac failure, pulmonary embolism, or cardiac tamponade may also present with abdominal pain with stretching of the hepatic capsule, diaphragmatic pleural irritation, and hyperalgesia of the intercostal muscles being some of the mechanisms proposed. 45 ,46 
